sedative music led to decreases in heart rate (HR) intimating the capacity for sedative music to 10 expedite recovery from exercise. Contrastingly, applying motivational music post-exercise encourages 11 participants to engage in a more active recovery which, in turn, leads to reduced blood lactate 12
concentrations (Eliakim et al., 2012). 13
The emotional quality of music is a salient factor in promoting acute recovery from a stressor 14 and is a noteworthy consideration (see Karageorghis, 2016) . Positively-valenced music that induces 15 low-levels of arousal has been shown to promote more effective physiological and subjective recovery 16 from psychological stress (Sandstrom, 2010) . The tempo of a piece of music is a determinant of its 17 emotional qualities, with fast-tempo music consistently associated with states characterized by high-18 arousal and positive affective valence (e.g., Dalla Bella, Peretz, Rousseau, & Gosselin, 2001) . Tempo 19 has also been shown to be one of the strongest correlates of physiological responses to music, with 20 fast-tempo music inducing higher breathing and heart rates (Gomez & humans typically use music to promote positive emotional states, and the propensity for music to elicit 25 such positive states can be harnessed during exercise (Karageorghis, 2017) . 26 subsequent efforts. Similarly, it may be that starting high-intensity intervals from an enhanced 1 affective state limits the degree of displeasure experienced. 2
Study Aims 3
Despite a logical premise and plausible mechanistic foundation, few studies have assessed the 4 influence of music on acute psychological and cardiorespiratory recovery in-between bouts of high-5 intensity exercise. This study seeks to complement the contemporary theoretical models addressing the 6 use of music in exercise (e.g., Karageorghis, 2016), as well as inform athletic training programs. It was 7
hypothesized that slow-tempo, positively-valenced music applied in-between bouts of high-intensity 8 exercise would promote a more positive psychological state and facilitate acute cardiorespiratory 9 recovery when compared to fast-tempo, positively-valenced music and a no-music control. 10
Method 11

Stage 1: Music Selection 12
Twenty four music tracks were initially selected by the experimenters based on the tempo 13 ranges required to address the research question (12 slow-tempo: 55-65 bpm; 12 fast-tempo: 125-135 14 bpm). Tracks included in this selection had readily discernible beats that matched the published tempo. 15
Owing to difficulty in identifying suitable tracks in the range of 55-65 bpm, those at a tempo of ± 3 16 bpm were considered and digitally altered if appropriate. Previous empirical work indicates that tempo 17 changes of ± 4 bpm are indiscernible among nonmusicians (Levitin & Cook, 1996) . 18
Eight participants (M age = 25.2 ± 3.6 years) rated the 24 music tracks (3 min excerpts) with the 19 aim of identifying those suitable for use in the experimental protocol (Stage 2). Participants at each 20 stage of the study were similar in terms of age (18-30 years), and socio-cultural background (had 21 spent their formative years in the UK). Participants who reported any form of hearing deficiency or 22 congenital amusia (i.e., tone-deafness) were excluded. The 24 musical excerpts were rated using the 23 Affect Grid (Russell et al., 1989), providing two scores in line with each of its two dimensions: 24 pleasure-displeasure and low arousal-high arousal. Five slow-tempo tracks that were rated in the 25 bottom-right quadrant of the Affect Grid (i.e., "pleasant low-arousal"), and within one whole unit of 26 each other in terms of affective valence and arousal scores, were selected for use in the experimental 27 trials (see Table 1 ). Five fast-tempo tracks that were rated in the upper-right quadrant of the Affect 28 Ekkekakis (2013) suggested that the tandem use of the FS and FAS strengthened the discriminant 1 validity of the scales. 2 2.2.4. Tempo-respiratory entrainment. Music tempo and respiratory rhythms were 3 considered to be matched when the instantaneous ratio of tempo to mean respiratory frequency, 4 recorded at 15 s intervals, was within ± 0.05 of a whole-or half-integer value (see Paterson et al., 5 1986 ). The prevalence of tempo-respiratory entrainment (ENT%) was calculated as the percentage of 6 the sampled data within each 3-min recovery period that met these criteria. The first and last 15 s of 7 each 3-min block were excluded from the analysis to account for the stabilization of respiratory 8 pattern and the recording of perceptual responses, respectively. 9 2.2.5. Maximal exercise test and habituation. Participants completed a maximal ramp 10 incremental exercise test on a motorized treadmill. Exercise commenced at 10 km . hr -1 for 4 min at a 11 1% incline (warm-up) after which the speed was increased by 1 km . hr -1 each minute until volitional 12 fatigue was reached. The test was designed to elicit maximal capacities within 8-12 min. Gas 13 exchange and HR were assessed continuously. Maximal aerobic capacity was deemed to have been 14 reached following the attainment of a single primary (plateau in oxygen uptake following an increase 15 in exercise intensity) or two secondary criteria (final RER ≥ 1.15, and HR within 10 bpm of age-16 predicted maximum) in accord with BASES Guidelines (Winter et al., 2006) . Following the test, gas 17 exchange threshold (GET) was identified using multiple parallel methods (Wasserman, 1984) . entrainment. During the standing recovery periods of a given session, participants were administered 1 one of the following conditions: slow-tempo music; fast-tempo music; or no-music (control). To 2 ensure parity of experience across conditions, headphones were worn during the control condition. 3
The order of conditions was randomized and exercise bouts were completed individually at the same 4 time of day to account for circadian variance. 5
The FS (Hardy & Rejeski, 1989) and FAS (Svebak & Murgatroyd, 1985) were administered 6 immediately prior to the warm-up. Rating of perceived exertion (Borg, 1998) was assessed in the final 7 10 s of each exercise bout. At the end of each bout, the participant straddled the treadmill belt and 8 headphones were placed over his ears. The music tracks had a 1-s fade-in and fade-out to avoid the 9 startle effect (Sandstrom, 2010). Gas exchange and ventilatory function were recorded continuously 10 throughout the aforementioned procedures; HR was recorded at the end of each bout and at the end of 11 each recovery period. The FS and FAS were administered 10 s before the end of the 3-min recovery 12 period. Thereafter, the participant resumed treadmill running. Blood lactate concentration was sampled 13 at resting baseline and immediately following the final music intervention using a 10 µl earlobe 14 capillary sample (Biosen). 15
Data Analysis 16
Following checks to ensure that the data were suitable for parametric analysis, a series of 17 Specifically, the data for HR at the end of the recovery period and T TOT during exercise and recovery 6 exhibited positive skewness; therefore, a logarithmic transformation (log10) was applied to normalize 7 these data. Mauchly's test indicated 21 instances in which the sphericity assumption had been 8 violated; therefore appropriate adjustments were applied to the relevant F tests. Descriptive statistics 9
for exercise bouts are presented in Table 3 and for recovery periods in Table 4 . 10
Affective Responses 11
RM MANOVA for affective responses (Feeling Scale and Felt Arousal Scale; Table 4 follow-up pairwise comparisons indicating that levels of exertion were elevated in the final three 2 exercise bouts when compared to the initial two exercise bouts (p < .05; Table 3) . 3
Cardiorespiratory Responses 4
A series of significant main effects of time were revealed in analyses of HR, V E , V T , f R , and 5 T TOT during exercise bouts and recovery periods with data indicating increased stress as the exercise 6 session progressed (p < .01). 7 3.3.1. Heart rate during exercise. Analysis revealed no condition x time interaction, F(8, 88) 8 = .32, p = .958, η p 2 = .03, and no main effect of condition, F(2, 22) = .03, p = .972, η p 2 = .01 (Table 3) . 9 3.3.2. Heart rate during recovery. Analysis indicated a significant condition x time 10 interaction, F(8, 96) = 2.12, p = .034, η p 2 = .16, which was associated with a large effect. Inspection of 11 the means and standard errors indicated that HR was lower during the control condition in Recovery 12 Period 1 when compared to both music conditions, and that HR was lower during the slow-tempo 13 music condition during Recovery Period 2 when compared to fast-tempo music. Finally, HR was 14 lower during the fast-tempo music condition in Recovery Period 4 when compared to control (see 15 Figure 2 and Table 4 
Discussion 24
The purpose of this study was to assess the influence of music on acute psychological and 25 cardiorespiratory recovery in between bouts of high-intensity exercise among trained participants. Our 26 research hypothesis was not supported given that fast-tempo music, rather than slow-tempo music, 27 positively influenced affective responses in all recovery periods when compared to a no-music control 28 condition. Furthermore, music does not appear to facilitate acute cardiorespiratory recovery in 1 between bouts of high-intensity treadmill exercise. 2
Affective Responses 3
Listening to fast-tempo, positively-valenced music (125-135 bpm) during the 3-min recovery 4 periods engendered a more pleasant experience when compared to a no-music control eliciting a FS 5 score of ~1 higher (p = .010; η p 2 = .38). This was a consistent finding across each of the five recovery 6 periods (see Figure 1) , and was associated with a large effect size indicating a robust result. The 7 positive affective response to music is concordant with other exercise-related studies (e.g., Stork et al., 8 2015) and the efficacy of fast-tempo music in this instance could be associated with the HR range 9 recorded in the present study. A corpus of work has explored the relationship between exercise HR 10 and preference for music tempo (see Karageorghis & Jones, 2014 ). This work shows that, regardless 11 of exercise intensity (40-90% maxHRR), there is a preference for fast-tempo music during treadmill 12 exercise and cycle ergometry. These studies explored the application of in-task music (during 13 exercise) with working heart rates ranging from ~110 to ~180 b . min -1 and participants in the present 14 study exhibited heart rates ranging from ~105 to ~180 b . min -1 during recovery periods. It appears that 15 fast-tempo music elicits the most positive affective responses when heart rates are elevated, whether 16 this is during exercise or recovery periods. were rated as more highly-arousing than the slow-tempo tracks during the music selection process 22 (Stage 1), this was not reflected during the recovery periods. It appears that arousal increased 23 independently of the music administered and that the exercise was sufficient to significantly increase 24 arousal from baseline. The elevated arousal resulting from the intervals may have been sufficient for 25 participants to maintain an optimal arousal level for the session without any need for music to help in 26 regulating arousal. 27
Cardiorespiratory Responses
The significant interaction effect of condition x time for the HR recovery (p = .034, η p 2 = .16) 1 indicated that participants exhibited a lower HR at the end of the first recovery period during control, 2 and a lower HR during the second recovery period in the slow-tempo condition when compared to the 3 fast-tempo condition. Given that participants were engaged in prolonged exercise above the GET, 4 there was substantial cardiorespiratory drift, during which oxygen uptake and ventilation increased 5 progressively, as illustrated by the multiple main effects of time. Therefore, any music-moderated 6 effect on recovery HR would likely manifest in the early recovery periods. Despite the HR interactions 7 observed during recovery, there was no subsequent influence on exercise HR or associated 8 cardiorespiratory variables (see Table 3 ). This suggests that, in this population, lower HR during early 9 recovery periods is of limited physiological benefit in subsequent bouts of exercise. 10
Tempo-Respiratory Entrainment 11
Previous studies reported entrainment of breathing and music rhythms at rest (e.g., Haas et al., process, but entrainment between respiration rate and music tempo can be either conscious or 24 unconscious given that humans breathe without conscious cognitive control, but can also choose to 25 regulate breathing rate. From an information processing perspective, the notion of a limited attentional 26 capacity may be relevant when considering the capacity to process, and entrain with, external stimuli 27 such as music during periods of physical stress. Rejeski's (1985) model of parallel processing 28
indicates that informational and emotional components are processed in parallel, rather than in 1 sequence. Furthermore, as exercise intensity increases, informational cues become stronger and 2 occupy the limited capacity of channels between preconscious and focal awareness. It might be that 3 during recovery from high-intensity exercise, internal informational cues predominate and there is 4 insufficient capacity remaining to process musical stimuli in order to consciously manipulate 5 respiration rate. 6
Technical Considerations 7
A high number of participants (n = 7) were unable to complete all of the testing sessions. We 8 applied an exercise intensity of ∆20-V O 2 max, which is considered to be "heavy" exercise (Lansley et 9 al., 2011). This typifies an intensity at which athletes train for periods of ~3 min. The 5-min bout was 10 selected to allow for a relative steady-state in physiological responses, and the 3-min recovery period 11 to enable sufficient exposure to the musical stimuli (i.e., the musical stimuli would have long enough 12 to take effect). However, two participants were unable to tolerate the physical stress associated with 13 the extended interval duration. , 2008 ). There are some notable differences between previous work and the present 22 study that may explain the nature of our results. First, previous work has framed post-task, or 23 recuperative, music in the context of the final phase of an exercise session (i.e., no further bouts of 24 exercise within the session) but the present study sought to explore the utility of music as an aid to 25 recovery that took place in between repeated bouts of exercise. This is likely a seminal difference and 26 would suggest the need for terminological distinction. Accordingly, it is proposed that the term respite 27 music is adopted by researchers and practitioners to more accurately describe the application of music 28 during periods of recovery within an exercise session. The proposed term provides a useful 1 counterpoint to recuperative music, which refers to sedative music that is applied immediately after an 2 exercise or training session (Terry & Karageorghis, 2011). responses but the rest periods in-between exercise bouts offer an opportunity to ameliorate this 18 displeasure. Therefore, the use of fast-tempo, positively-valenced music appears to promote a more 19 pleasurable and thus tolerable exercise experience. 20
Conclusion 21
The present findings indicate that fast-tempo, positively-valenced music engenders positive 22 affective responses in the acute recovery phases of high-intensity interval training performed by 23 middle-distance runners. This finding is of relevance to coaches and practitioners working with 24 athletes and recreational exercisers, as it offers an easily implementable intervention by which to 25 increase the pleasure experienced during a physically demanding session. The findings are in accord 26 with other work indicating that music can enhance affective responses in a high-intensity exercise 27
context (e.g., Stork & Martin Ginis, 2016) . The recorded physiological responses do not provide 28 robust evidence that slow or fast-tempo music expedites recovery in this context. Future research 1 might seek to examine the effects of music during the recovery periods following exercise performed 2 at lower intensities; specifically focusing on the extent to which music promotes respiratory 3 entrainment. A terminological distinction has been proposed herein to differentiate recuperative music 4 (applied post-task) from respite music (applied in-between bouts of exercise). Respite music has 5 pleasant-arousing qualities, in line with the activated state of the organism during a brief recovery 6 period, whereas recuperative music that is employed on cessation of exercise is characterized by 7 pleasant-relaxing qualities. The impact of music on metabolism. Nutrition, 28, 1075-1080. 18 Table 1 0 ± 0 10 ± 1 Significant condition x time interaction effect for heart rate during recovery (p = .034). * control condition < slow-and fast-tempo condition, ** slow-tempo < fast-tempo, *** fast-tempo < control condition.
